Objectives We investigated the relative benefit of reperfusion strategies in renal dysfunction and ST-segment elevation/left bundle branch block (STE/LBBB).
Renal dysfunction is associated with a significant increase in cardiovascular risk (1) (2) (3) (4) (5) (6) , and patients with a history of renal dysfunction who develop a myocardial infarction have a poor prognosis (2, (7) (8) (9) . Observational analyses have demonstrated improved survival in patients with renal dysfunction after revascularization in stable coronary disease (10) ; however, this group consistently manifests lower survival rates relative to those with intact kidney function (11, 12) . These patients constitute a disproportionately high proportion of individuals who die after myocardial infarction. Because patients with renal dysfunction are usually excluded from randomized trials of reperfusion therapies (13) , there is a lack of both prospective evidence and guideline-based recommendations on the treatment of ST-segment elevation myocardial infarction (STEMI) in the presence of renal dysfunction.
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The risks associated with reperfusion therapy are exaggerated in patients with renal dysfunction. After percutaneous coronary intervention (PCI), renal dysfunction has been associated with a reduction in procedural success and an increase in hospital and long-term adverse outcomes (14) . In addition, patients with renal dysfunction might be relatively resistant to the beneficial effects of fibrinolysis and the risk of bleeding might be increased (15) .
The impact of these unfavorable outcomes relative to the benefit of emergently re-establishing flow in patients with acute ST-segment elevation (STE)/left bundle branch block (LBBB) has not been well established. The aim of this study was to use data from the GRACE (Global Registry of Acute Coronary Events) to describe patterns of reperfusion as well as outcomes, after receipt or non-receipt of reperfusion therapy among a large cohort of patients with STE/LBBB and varying degrees of renal dysfunction.
Methods
The rationale and methods of the GRACE study have been previously published (16, 17) . A total of 121 hospitals located in 14 countries contributed data to this study from April 1999 to June 2007. Study population. Data were collected by trained coordinators with a standardized case report form. Demographic characteristics, medical history, presenting symptoms, biochemical and electrocardiographic findings, treatment practices, and a variety of hospital outcome data were collected. In-hospital management of patients was left to the discretion of the investigating physicians. Standardized definitions for all patient-related variables and clinical diagnoses were used (16) . Where required, study investigators received approval from their local hospital ethics or institutional review board for the conduct of this study. This analysis was restricted to patients presenting with STEMI/LBBB, defined by the presence of new STE Ͼ0.1 mV in 2 contiguous leads or new LBBB seen on the index or qualifying electrocardiogram. Patients with STEMI/LBBB who were transferred from hospitals not involved in the GRACE study were excluded. Patients with contraindications to either fibrinolytic therapy or PCI were also excluded.
Patients were stratified into groups according to glomerular filtration rate (GFR), calculated by the Modification of Diet in Renal Disease method (18) . Groups consisted of normal kidney function (GFR Ն60 ml/min/1.73 m 2 ), moderate kidney function (GFR 30 to 59 ml/min/1.73 m 2 ), and severe renal dysfunction (GFR Ͻ30 ml/min/1.73 m 2 ). Each GFR group was analyzed according to hospital treatment received of reperfusion (either primary PCI or fibrinolysis) or no reperfusion, excluding patients who received both primary PCI and fibrinolysis during their hospital stay. Outcomes included mortality (both in hospital and at 6 months after discharge) and hospital major adverse events of cardiac failure/acute pulmonary edema, cardiac arrest/ventricular fibrillation, recurrent ischemia, recurrent myocardial infarction, stroke, and major bleeding (Online Appendix). Statistical analysis. Dichotomous patient outcomes were compared across GFR groups with the Mantel-Haenszel linear trend test and across reperfusion groups with the chi-square test. For continuous variables, trend across GFR groups was assessed by linear regression.
Adjusted outcome odds ratios (ORs) were generated with multiple logistic regression. Hospital and 6-month mortality were adjusted for GRACE risk score (variables were age, Killip class, systolic blood pressure, ST-segment deviation, cardiac arrest on presentation, serum creatinine, positive initial cardiac markers, and pulse) (19) . Six-month mortality (from hospital discharge to 6 months) was also adjusted for age, systolic blood pressure, creatinine concentration, positive initial markers, pulse, history of myocardial infarction, history of coronary heart failure, and ST-segment depression (20) .
Results
Renal dysfunction was seen in 3,450 (28%) of the 12,532 patients presenting with STEMI/LBBB, comprising 2,982 (24%) with moderate kidney function and 468 (3.7%) with severe renal dysfunction. Patients with renal dysfunction were sicker than those without renal disease (Table 1) . They were older and had higher rates of prior myocardial infarc- tion and congestive heart failure and a greater prevalence of cardiovascular risk factors. They were also more compromised on presentation, with a lower systolic blood pressure and higher Killip class.
Patients with renal dysfunction experienced worse outcomes (Fig. 1 ). Hospital mortality rates increased significantly as GFR decreased (p Ͻ 0.001), exceeding 30% in patients with severe renal dysfunction. Approximately one- 
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third of patients with renal dysfunction experienced pulmonary edema or heart failure after infarction, 3 times the rate in patients with normal kidney function. The rate of cardiac arrest or ventricular fibrillation exceeded 20% in patients at the lowest stratum of kidney function. Patients with renal dysfunction demonstrated a significantly higher rate of major bleeding. Six-month mortality was notably higher across all treatment groups as GFR declined (p Ͻ 0.001).
Reperfusion and renal dysfunction. Despite their higher risk characteristics and poorer outcomes, patients with renal dysfunction were less likely to receive reperfusion therapy. Reperfusion was received by 62% of patients with normal renal function, by 48% with moderate function, and by 31% with severe dysfunction. Within each stratum of renal function, reperfusion therapy was typically offered to lowerrisk patients versus those who did not receive reperfusion (Table 2) . Patients who received fibrinolysis and proceeded to rescue angioplasty constituted 5% of the STEMI/LBBB population and did not differ significantly from the overall cohort. Impaired renal function was not associated with a greater likelihood of receiving rescue PCI. The proportion of patients in each GFR group comprising this population together with their median GRACE risk score and hospital death rates are presented in Table 3 . Renal dysfunction and impact on hospital mortality. In patients with normal renal function, primary PCI was associated with lower mortality rates than either fibrinolysis or no reperfusion (Table 4) . Among patients with renal dysfunction, primary PCI was associated with numerically lower mortality rates than in patients not receiving reperfusion. Numbers with renal dysfunction were relatively small (especially severe renal dysfunction), and the differences were not statistically significant. Fibrinolysis was not associated with lower mortality than nonreperfusion among patients CHF ϭ congestive heart failure; PAD ϭ peripheral arterial disease; other abbreviations as in Table 1 . with normal renal function or severe renal dysfunction but, after adjustment, was associated with higher mortality among patients with moderate renal dysfunction. Stroke rates and major bleeding. Fibrinolysis, but not primary PCI, was associated with an increased rate of stroke in all patients, significant for those with normal renal function ( Table 5 ). Major bleeding occurred more frequently among all patients receiving reperfusion therapy. Differences in bleeding rates were statistically significant for patients with normal and moderate renal dysfunction undergoing PCI and for patients with normal renal function receiving fibrinolysis (Table 5) . Post-discharge mortality. Among patients surviving to hospital discharge, receipt of reperfusion was associated with lower mortality for the overall STE/LBBB population. After stratifying for renal function, this benefit was seen among patients with normal renal function receiving fibrinolysis (adjusted OR: 0.65, 95% confidence interval: 0.43 to 1.00) and in those with moderate dysfunction receiving primary PCI (adjusted OR: 0.41, 95% confidence interval: 0.22 to 0.75). Mortality rates remained high for patients with severe renal dysfunction regardless of receipt of reperfusion, and reperfusion was associated with worse outcome.
Comparison of adjusted ORs for mortality after primary PCI and fibrinolysis relative to no reperfusion for each GFR group is shown in Table 4 .
Discussion
This large multinational, multicenter analysis of over 12,000 patients presenting with STE/LBBB shows that patients with moderate renal dysfunction have an approximately 5-fold higher early mortality and that those with severe renal dysfunction have a mortality risk of approximately 10-fold that of patients with normal renal function. These data are consistent with other observational studies in patients with renal dysfunction (4, 12, 21, 22) . In our analysis, we found that reperfusion was offered to patients less frequently as renal function deteriorated. This risk-averse behavior is consistent with that described among physicians selecting patients with an acute coronary syndrome (ACS) for coronary angiography (23) . The reasons for this are not clear and might reflect both a judgment that "active" treatment with reperfusion has an unfavorable risk/benefit profile in the context of a high prevalence of comorbidities; Abbreviations as in Table 3 .
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an increase in the proportion of patients with renal dysfunction who have a delayed or an atypical (24) presentation; a higher proportion who are ineligible for reperfusion therapy due to contraindications (24) ; and the absence of randomized controlled evidence in this population to support an aggressive approach. In our nonrandomized cohort, reperfusion with fibrinolytic therapy was not associated with a mortality reduction in our population with renal impairment. Indeed, after adjustment, hospital mortality was greater for patients with moderate renal dysfunction receiving fibrinolysis. This was offset by a trend toward reduced mortality in this population at 6 months. Nonetheless, the lack of appreciable benefit of fibrinolysis in this cohort is an unsettling observation, because it is readily available in most clinical settings and is the most common form of reperfusion therapy. As expected, there was a numerically greater incidence of stroke among patients receiving fibrinolytic therapy regardless of renal function.
Consistent with randomized trial evidence, primary PCI was associated with the lowest hospital mortality rates among patients with normal renal function. There was no significant reduction in mortality after primary PCI observed among patients with renal dysfunction, although this might reflect a type II error because of the smaller number of patients with renal dysfunction. The absolute reduction of approximately 2% in mortality among renal dysfunction patients receiving primary PCI relative to those not offered reperfusion was comparable to that observed among patients with normal renal function.
As expected, any potential clinical benefit of primary PCI in patients with renal dysfunction was accompanied by an excess in complications. Percutaneous angiography or angioplasty carries an increased risk in the average patient with renal dysfunction, who is already at greater risk of stroke due to a high incidence of cerebrovascular disease and more advanced age, higher procedural risk due to frequent left ventricular dysfunction, and increased risk of major bleeding (25) .
An increase in the likelihood of stroke after primary PCI was not observed in our cohort, but we did observe a significant increase in major bleeding. Recent studies highlight the prognostic importance of major bleeding in patients with ACS (26) , and it is conceivable that bleeding events might have attenuated the mortality benefit that would otherwise have accompanied the rapid establishment of coronary artery patency in our cohort. For primary PCI to become a clearly superior treatment option in patients with renal dysfunction, strategies to reduce bleeding are required. This includes using a radial rather than femoral artery approach for coronary intervention to reduce the risk of local vascular complications (27) , use of appropriately doseadjusted anticoagulant therapies such as low-molecularweight heparin (28, 29) , and the use of a direct thrombin inhibitor such as bivalirudin instead of intravenous unfractionated heparin during PCI (30, 31) .
Primary PCI was associated with lower mortality among moderate renal dysfunction patients at 6 months. This tallies with an earlier observation on revascularization in patients with coronary heart failure, where no in-hospital benefit was seen but a clear long-term benefit was evident for survivors to discharge (32) . This also supports previous observations of reduced 2-and 3-year mortality rates (10, 33) in patients with renal dysfunction and stable ischemic heart disease after revascularization.
We did not find a positive association between reperfusion and 6-month outcomes among patients with severe renal dysfunction. Indeed, a significant association with harm was identified. This should be interpreted with caution, given the small size of this cohort relative to those with greater retention of renal function. However, the striking mortality rate in this cohort was an important observation, and our data suggest that, in patients with severe renal dysfunction, coexisting serious morbidities might overwhelm the intermediate-term prognostic benefit of emergency reperfusion after acute myocardial infarction Strengths and study limitations. The GRACE registry is a multicenter prospective study including unselected patients with ACS; thus it provides a wealth of information on treatments and outcomes in clinical practice. Whereas registry studies are subject to potential biases, they are valuable for examining real-world practice patterns, particularly among populations not well-represented in randomized clinical trials. In this analysis, patients with low GFR are rare (3.7% of STE/LBBB patients), with only 31% receiving reperfusion. However, an unselected cohort of 468 patients with low GFR represents a large patient sample relative to other studies. Nonetheless, our ability to generalize about the benefit or harm of reperfusion for these patients is limited. Although important information on treatment and outcomes of patients with renal dysfunction is available from GRACE, there are likely to be unrecognized biases, both in patient selection for reperfusion and the method of reperfusion. We have not reported the incidence of new-onset acute renal impairment requiring dialysis, because this information was not available from the registry. Additionally, the data were not controlled for prognostically important medications known to be underused in patients with renal dysfunction.
Conclusions
Renal dysfunction is common in patients presenting with STE/LBBB and is associated with a lower likelihood of emergency revascularization and significantly higher mortality and morbidity. After adjustment, primary PCI was associated with a lower long-term mortality in patients with moderate renal dysfunction, tempered by an increase in major hospital bleeding. Fibrinolysis was associated with increased hospital mortality in patients with moderate renal dysfunction but no excess in long-term mortality. Fibrinolysis was also associated with an increase in stroke in all GFR strata. Long-term mortality rates remain high in all patients with severe renal dysfunction. Our data suggest that randomized trials prospectively evaluating the relative benefits of method of reperfusion should actively include patients with renal dysfunction. In the meantime, efforts should be directed toward reducing major bleeding complications in renally impaired patients undergoing primary PCI.
